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ASYMMETRIC DIGITAL SUBSCRIBER LOOP MODEM 
Background 

This invention relates generally to systems for 
asymmetric digital subscriber loop (ADSL) communications. 

Modems (short for "modulator demodulator") are used to 
5 transfer data between processor-based systems. Generally, 
modems may be utilized to transmit information between 
processor-based systems over telephone lines. A pair of 
modems are coupled through a transport such as a telephone 
network. Each modem includes a transmitter and a receiver 

10 which may be coupled by an elastic store or hybrid. In 

general, digital information developed by a processor-based 
system may be converted to analog information for 
transmission over the transport. Likewise, analog 
information received from the transport may be converted to 

15 digital information for use by the processor-based system. 
Thus, on each end of the transport, a modem may be 
provided . 

A modem that is used with personal computers, as an 
example, may be called a remote modem because it is remote 
20 from the telephone network's central office. A modem that 
is provided by a telephone system is generally called a 
central office modem. 
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ADSL modems may use frequency division multiplexing 
(FDM) or echo cancellation (EC) to achieve full duplex 
operation over a subscriber loop. Discrete multi-tone 
(DMT) is a multi -carrier modulation technique that may 
5 achieve high bandwidth efficiency. A central office ADSL 
modem transmits a downstream signal to a modem at a remote 
terminal. The central office modem receives an upstream 
signal from the remote modem. The upstream and downstream 
signals use a common transport , typically a telephone line. 

10 The upstream signal may carry data on a lower portion of a 
band of frequencies. The downstream signal may carry data 
over an upper portion of a band of frequencies. In some 
embodiments, a wider bandwidth may be utilized for 
downstream signals than upstream signals. 

15 Existing ADSL modems generally are implemented using 

two or more integrated circuits. One set of integrated 
circuits provides most of the digital signal processing and 
the other provides the analog-to-digital and digital-to- 
analog conversion. Generally, the two integrated circuits 

2 0 are separated after analog to digital conversion on the 

receiver side and before the digital-to-analog conversion 
on the transmitter side. 

This means that data is transmitted between the two 
chips at a relatively high data rate. This high data rate 

25 transmission between integrated circuit chips results in 
more buffering at each chip and more pins are needed to 
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connect the chips. This increases the cost of each chip. 
In addition, the high data rate also results in higher 
system cost due to the impact of higher frequency operation 
on electromagnetic interference (EMI) shielding and power 
5 control . 

Thus, there is a continuing need for an ADSL modem 
that allows data to be more efficiently shared between 
integrated circuits. 

Summary 

10 In accordance with one aspect, an asymmetric digital 

subscriber loop modem includes a integrated circuit with an 
analog-to-digital converter that produces data at a 
relatively higher data rate. A device coupled to said 
analog- to-digital converter, and contained in said 

15 integrated circuit, reduces the higher data rate produced 

by the analog-to-digital converter to a lower data rate. A 
multiplexer multiplexes the lower data rate data and 
control information and transmits the data and control 
information externally of the integrated circuit. 

2 0 Other aspects are set forth in the accompanying 

detailed description and claims. 

Brief Description of the Drawings 
Figure 1 is a block diagram of one embodiment of the 
pr e s ent i nvent i on ; 
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Figure 2 is a block showing a digital signal 

processing (DSP) chip and a codec chip in accordance with 

one embodiment of the present inventions- 
Figure 3 shows an example of a clock signal that may 
5 be utilized in accordance with one embodiment of the 

present invention; 

Figure 4 shows an example of a synchronization signal 

which may be utilized to synchronize data multiplexed 

between the codec and the DSP chips in one embodiment of 
10 the present inventions- 
Figure 5 is a timing diagram showing the data output 

from the DSP chip to the codec chip in one embodiment of 

the present invention; and 

Figure 6 is a timing diagram showing the data input 
15 from the codec chip to the DSP chip in one embodiment of 

the present invention. 

Detailed Description 
Referring to Figure 1, a remote modem 10 may be an 
asymmetric digital subscriber loop (ADSL) modem. The modem 

2 0 10, in one embodiment of the present invention, may be a 
so-called g.lite ADSL modem or splitterless modem which 
does not use a splitter at the remote location. While the 
present invention illustrates a remote modem, the 
principles set forth herein can also be utilized at the 

2 5 central office modem. However, because of the high number 
of remote modems compared to the number of central office 
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modems, the principles set forth in the present invention 
are particularly applicable to the design of remote modems 
which are produced in relatively high volumes. 

Thus, referring to Figure 1, the downstream signal 16 
5 from the central office (not shown) is received by the 
receiver section of the modem 10 and particularly by a 
coder/decoder (codec) chip 14 and its analog filter 18. In 
one embodiment of the present invention, the analog filter 
18 may be a bandpass filter. The analog filter 18 may be 
10 coupled to an analog-to-digital converter 20 that converts 
the analog signal into a digital signal. The output of the 
analog- to-digital converter 2 0 is a relatively higher data 
rate signal . 

A decimation filter 22 produces digital samples at a 
15 lower data rate compared to the data rate produced by the 

analog-to-digital converter 20. A decimation factor of the 
filter 22 indicates the data rate reduction from the higher 
data rate produced by the analog-to-digital converter 20. 
The decimation filter 22 may include a low pass filter and 
2 0 a sample rate compression device, in one embodiment of the 
invention. 

The output signal from the decimation filter 22 may 
then be transmitted by a multiplexer or serializer 24 
externally of the chip 14 to an ensuing digital signal 
25 processing (DSP) chip 12. The serializer 24, in one 

embodiment of the present invention, takes the lower data 
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rate data produced by the decimation filter 22 and 
multiplexes it together with control information. The 
multiplexed control information and data are transmitted to 
a de-multiplexer or de-serializer 26 on the DSP integrated 
5 circuit chip 12 in one embodiment of the invention. 

The de-serializer 26 demultiplexes the control 
information and data and forwards the data to a fast 
fourier transformer (FFT) 28 and a line decoder 30. The 
line decoder 30, in one embodiment of the present 
10 invention, may be a quadrature amplitude modulator (QAM) 
decoder. The FFT 2 8 and line decoder 3 0 demodulate the 
input data, separating the digital data by carrier 
frequency. 

A protocol framing and error checking unit 32 
15 completes the reception of the signal. The unit 32 checks 
for errors and places the data in a particular format for 
use in connection with a particular processor-based system 
(not shown) . The decoded data stream is then passed to an 
elastic store or hybrid 34. A link 36 provides the 
2 0 information to a processor-based system (not shown) . 

Transmit data 54 (from the processor-based system) 
heading upstream goes through a transmitter section 
including a protocol framing and error coding unit 3 8 into 
a line encoding unit 40. The line encoding unit 40 may be 
2 5 a quadrature amplitude modulator (QAM) encoder, in one 

embodiment of the present invention. After line encoding, 
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the information is processed by an inverse fast Fourier 
transformer (IFFT) . The data is selectively encoded by the 
encoder 4 0 at a relatively higher data rate and the IFFT 
produces, for each frame, a sequence of digital samples at 
5 a relatively lower data rate. 

The lower data rate output signal from the IFFT 42 is 
provided to a multiplexer or serializer 44 which transmits 
the data together with control information over a link 45 
to a de-serializer 46 on the chip 14. The serializer 44 

10 may provide a multiplexing function. The output of the de- 
serializer 46 is interpolated by an interpolation filter 
48. The filter 48 adds interpolated data into the data 
stream distributed by the modem to reduce the effect of 
imaging by increasing the rate at which samples are 

15 produced. 

Thus, the interpolation filter 48 increases the data 
rate of the data intended for the upstream signal 54 . The 
interpolation filter 48 may include digital low pass 
filtering that enables digital suppression of the lower 

20 frequency images in the interpolation filter 48 so that the 
remaining images may be more easily and effectively removed 
by the analog filter 52. In one embodiment of the present 
invention, the analog filter 52 may be a low pass filter. 
A digital-to-analog converter 50 converts the digital 

25 signal from the interpolation filter 48 into a analog 
signal that is filtered by the analog filter 52. 
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The chips 12 and 14 communicate at lower data rates . 
This use of lower data rate communication may have the 
effect, in some embodiments of the present invention, of 
reducing the buffering required in each chip 12 and 14. 
5 This may reduce the cost of the overall modem 10. In 

addition, by reducing the data rate on the links 45 and 25, 
system cost may be reduced due to the impact of lower 
frequency operation and diminished need for EMI shielding 
and power control. Since the reduced data rates were used 

10 for other reasons in both the receiver and transmitter 
sections, no substantial additional costs are incurred. 

In some embodiments of the present invention, the 
operation of the chip 12 may be accomplished in software 
implementing a soft modem. In such case, the DSP chip 12 

15 may be eliminated. In a soft modem, a chip may be used to 
provide an interface between a system bus in the processor- 
based system and the codec chip 14 . 

Referring next to Figure 2, in accordance with one 
embodiment of the present invention, a coder/decoder 

20 (codec) chip 14 may include a clock control interface 60 

and a link controller 25a, 45a to the link 25. The link 25 
may communicate with a link controller 25a on a DSP chip 
12. A DSL clock 72 may be controlled by control 74 coupled 
to a control (out-of -band) data stream 76. A sample (in- 

25 band) data stream 78 may couple the link controller 25a, 
45a to the codec functions 80. The DSL clock 72 may be 
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implemented in the codec chip 14, DSP chip 12 or as a stand 
alone device, as shown in Fig. 2. With a stand alone 
device, the control signals for the clock function may come 
from software. However, a digital analog (D/A) converter 
5 is used for clock control. If the D/A converter is in the 
codec chip 14, the link may be used to carry the clock D/A 
sample data. 

The DSP chip 12 may include a system interface 58 that 
interfaces with a system bus 56 in a processor-based system 
10 (not shown) . A sample (in-band) data stream 82 may flow 

between the interface 58 and DSP functions 84 and on to the 
controller 25a, 45a. A control (out-of -band) data stream 
86 may flow between the interface 58 and the controller 
25a, 45a. 

15 The signals on the links 25 and 45 include the data 

paths 62 and 64 which provide receive (data in) and 
transmit (data out) data at reduced data rates as described 
previously. In addition, control information in the form 
of a synchronization signal 66, clock information 68 and 

2 0 reset information 70 may also be provided in the 
multiplexed stream. 

Thus, the links 25, 45 may provide a serial interface 
which carries the data in and data out signals 62 and 64, a 
clock signal 68, a synchronization signal 70 and a reset 

25 signal 70. Examples of hypothetical data in and data out 
signals are shown in Figures 5 and 6, respectively. A 
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hypothetical synchronization signal is illustrated in 
Figure 4, and a hypothetical clock signal as illustrated in 
Figure 3 . 

In the case of a soft modem embodiment, the DSP 12, 
5 shown in Figure 2, may be eliminated. However, the links 
25a, 25b, 45a, 45b and the interface 58 may still be used 
in some embodiments. 

Thus, full duplex data flow may be achieved. The data 
frame may include a header that indicates the validity of 

10 the entire frame and also the validity of each cell within 
the frame. A header may also be needed to distinguish 
sample data from control data on the link. One 
instantiation of the frame uses a two bit header and a 
fourteen bit payload, as shown in Figures 5 and 6. A 

15 common clock and synchronization pulse may be utilized for 
both data intended for downstream and upstream 
communications. In one embodiment of the present 
invention, the system may implement a so-called g.lite ADSL 
modem. However, other ADSL modems may be implemented as 

2 0 well including splitterless modems and modems including 
splitters . 

While the present invention has been described with 
respect to a limited number of embodiments, those skilled 
in the art will appreciate numerous modifications and 
25 variations therefrom* It is intended that the appended 
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claims cover all such modifications and variations as fall 
within the true spirit and scope of this present invention. 
What is claimed is: 
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1 1. An asymmetric digital subscriber loop modem 

2 comprising : 

3 an integrated circuit; 

4 an analog-to-digital converter contained in said 

5 integrated circuit, said converter producing data at a 

6 relatively higher data rate; 

7 a device contained in said circuit and coupled to 

8 said analog-to-digital converter, said device reducing the 

9 higher data rate data from the analog-to-digital converter 

10 to a lower data rate; and 

11 a multiplexer that multiplexes said lower data 

12 rate data and control information and transmits said data 

13 and control information externally of said integrated 

14 circuit. 

1 2 . The modem of claim 1 including a second 

2 integrated circuit, said second integrated circuit 

3 including a de-multiplexer that de-multiplexes said lower 

4 data rate data and said control information. 

1 3 . The modem of claim 1 wherein said device includes 

2 a decimation filter. 

1 4 . The method of claim 3 wherein said integrated 

2 circuit includes a analog filter coupled to said analog-to- 
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4 



digital converter in turn coupled to said decimation filter 
in turn coupled to said multiplexer. 



1 5. The modem of claim 1 wherein said integrated 

2 circuit further includes a demultiplexer coupled to a 

3 device that increases the data rate of data received by 

4 said demultiplexer, said device that increases the data 

5 rate being coupled to a digital-to-analog converter. 

1 6. The modem of claim 5 wherein said device for 

2 increasing the data rate includes an interpolation filter. 

1 7. The modem of claim 1 wherein said integrated 

2 circuit includes both a receiver section and a transmitter 

3 section. 



1 8. The modem of claim 1 including a second 

2 integrated circuit having a receiver section coupled to 

3 receive said lower data rate data and control information 

4 from said integrated circuit. 



1 9. The modem of claim 8 wherein said second 

2 integrated circuit implements discrete multi-tone 

3 modulation . 
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1 10. The modem of claim 9 wherein said second 

2 integrated circuit provides digital signal processing. 

1 11. The modem of claim 9 wherein said second 

2 integrated circuit includes a fast Fourier transformer and 

3 a line decoder. 

1 12 . The modem of claim 1 including a second 

2 integrated circuit, said second integrated circuit 

3 including a line encoder which produces data at a 

4 relatively higher data rate and a device coupled to said 

5 line encoder that produces data at a relatively lower data 

6 rate, said device being coupled to a serializer which 

7 transmits said data to said integrated circuit. 

1 13 . The modem of claim 12 wherein said device is an 

2 inverse fast Fourier transformer. 

1 14 . A method comprising: 

2 receiving analog data on a first integrated 

3 circuit device ; 

4 converting said analog data to digital format; 

5 decreasing the data rate of said data; 

6 serializing said data; and 

7 transmitting said data to a second integrated 

8 circuit device . 
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1 15. The method of claim 14 wherein reducing the data 

2 rate of said digital data includes decimating said digital 

3 data. 

1 16, The method of claim 15 wherein serializing said 

2 data includes multiplexing said data with control 

3 information. 

1 17. The method of claim 16 further including 

2 receiving said data on said second integrated circuit and 

3 de-serializing said data. 

1 18. The method of claim 17 including increasing the 

2 data rate of said data on said second integrated circuit. 

1 19. The method of claim 18 wherein increasing said 

2 data rate includes fast fourier transforming said data. 

1 20. The method of claim 14 further including 

2 receiving digital data for transmission by said first chip 

3 and increasing the data rate of said data. 

1 21. The method of claim 20 wherein increasing said 

2 data rate includes interpolating said data. 
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1 22. The method of claim 21 including converting said 

2 interpolated data to an analog format signal. 



1 23. An asymmetric digital subscriber loop modem 

2 comprising : 

3 a first integrated circuit including an analog- 

4 to-digital converter, a device to reduce the data rate from 

5 the analog- to-digital converter to a lower data rate, and a 

6 serializer; and 

7 a second integrated circuit, said serializer 

8 transmitting said lower data rate data from said first 

9 integrated circuit to said second integrated circuit, said 

10 second integrated circuit including a de-serializer that 

11 receives said lower data rate data from said first 

12 integrated circuit and transmits said data to a device for 

13 demodulating said data. 

1 24. The modem of claim 23 wherein said second 

2 integrated circuit includes a modulating circuit which 

3 decreases the data rate of digital data and a serializer 

4 which transmits said decreased data rate data to said first 

5 integrated circuit, said first integrated circuit including 

6 a de-serializer that receives said modulated data, said de- 

7 serializer coupled to a device that increases the data rate 

8 of said data, said device coupled to a digital-to-analog 

9 converter. 
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1 25. The modem of claim 2 3 wherein said device on said 

2 first integrated circuit for decreasing the data rate of 

3 said data is a decimation filter. 

1 26. The modem of claim 24 wherein said device that 

2 increases the data rate on said first integrated circuit is 

3 an interpolation filter. 

1 27. The modem of claim 24 wherein said modulating 

2 circuit includes an inverse fast Fourier transformer. 

1 28. The modem of claim 23 wherein said modem is a 

2 splitterless remote modem. 

1 29. The modem of claim 23 wherein said serializer 

2 multiplexes lower data rate data and control information. 

1 30. The modem of claim 23 wherein lower data rate 

2 data is transmitted in two directions between said first 

3 and second integrated circuits. 



17 



ASYMMETRIC DIGITAL SUBSCRIBER LOOP MODEM 



Abstract of the Disclosure 
An asymmetric digital subscriber loop modem may- 
achieve efficiency and cost reduction by providing a 
coder/decoder (codec) chip which transmits data externally 
of the chip when the data is at a reduced or lower data 
rate. That is, instead of transmitting the data at a 
higher data rate, which may result in increased cost, for 
example for EMI shielding, the codec chip transmits the 
data when the data is at a reduced data rate. 
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